A COMPARISON OF THE ACTION OF PLASMA AND SERUM ON CERTAIN OBJECTS USED IN BIOLOGICAL TESTS FOR EPINEPHRIN by Stewart, G. N. & Zucker, T. F.
A  COMPARISON  OF  THE  ACTION  OF  PLASMA  AND 
SERUM  ON  CERTAIN  OBJECTS  USED  IN  BIO- 
LOGICAL  TESTS  FOR  EPINEPHRIN.* 
BY  G.  N.  STEWART,  M.D.,  AND  T.  F.  ZUCKER,  M.S. 
(From  the H.  K.  Cushing  Laboratory  of Experimental  Medicine,  Western 
Reserve  University,  Cleveland.) 
PLATES  II  TO  21. 
O'Connor,  I working  with citrate  plasma on the  frog  perfusion  preparation  of 
Laewen,  came  to  the  conclusion  that this  plasma  exerts  no  constrictor  effect  on 
the blood  vessels of  the  frog,  while serum  to  which  the  same  amount  of  citrate 
has  been  added  possesses  the  constrictor  action  demonstrated  by  Battelli  and 
others  for  various  kinds  of  serum.  2  With hirudin  plasma  and  serum  applied  to 
segments  of  intestine  and  uterus,  O'Connor  states  that  the  same  difference  can 
be  demonstrated  as  regards  the  tone-increasing  effect,  plasma  being  without 
or  almost  without  action,  while  the  defibrinated  blood  plus  hirudin  shows  the 
stimulating  action.  Yet  he  admits  that  it  is  difficult  to  obtain  faultless  experi- 
ments  on these  two  objects. 
Trendelenburg,  ~ working  with  hirudin  material  on  the  frog  perfusion  prepa- 
ration,  was  convinced  that  the  plasma  has  a  constrictor  effect  which  stands  to 
that  of  the  corresponding  serum  in  a  definite ratio  (I :2~  to  3). 
Kahn  4  states  that  he  has  confirmed  on  the  frog  perfusion  preparation 
the  result that hirudin plasma in most cases has a  smaller  constrictor  effect than 
the  corresponding  serum.  The  effect  of  hirudin  plasma  ,  according  to  Kahn,  is 
much less  constant than that  of  the serum.  He  does  not agree  with Trendelen- 
burg that any definite ratio  exists  between  the amount  of  the effect  produced  by 
the  plasma  and by the  serum. 
There seems to be  a  tendency to generalize such results into the 
conclusion that serum exerts on smooth muscle in general a stimulat- 
ing  or  tone-increasing action  which  is  absent  from,  or  feebly de- 
veloped in plasma obtained in any way whatever.  It is clear, how- 
ever, that a  general statement contrasting the action of plasma and 
serum  on  smooth muscle  organs  can be  drawn  only  after a  com- 
parison ( i ) of sera with plasmas obtained in as many different ways 
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as possible from one and  the  same blood on one and  the  same test 
object, and  (2)  of each kind of plasma and 'the corresponding serum 
on as  large  a  series of different  test  objects as  possible.  There  is 
reason to believe that,  within a  wide range at any rate, the influence 
of differences in the species of the animal  from which blood on the 
one  hand,  and  the  test  objects  on  the  other  are  obtained  is  not 
important. 
We  attempted  a  partial  survey of this  kind  by investigating  the 
action of three kinds of plasma, (a) citrate, (b) peptone, (c)hirudin, 
on four test objects,  (a)  artery rings,  according to Meyer's method, 
(b)  the  frog perfusion  preparation,  (c)  intestine,  (d)  uterus  seg- 
ments.  In  addition,  observations  were  made  on  the  same  objects 
with  certain  transudates  and  exudates.  The  transudates,  for 
example hydrocele fluid,  were chiefly in.teresting  from our point  of 
view  as  affording  the  means  of  comparing  serous  liquids  which 
certainly had not clotted and had no tendency to clot spontaneously, 
with  serum.  They  are,  for  convenience, described  in  a  separate 
paper, 5 but the  results are also used  in  the  discussion  in  this  paper. 
Some results of interest in connection with the general subject were 
also obtained  by comparing  the  effect on  the  different  test objects 
of  serum  treated  in  various  ways.  This  work,  which  is  still  in 
progress,  will be alluded  to briefly here  and  merely in  so  far  as  it 
bears  directly  upon  the  question  discussed  in  this  paper.  The  be- 
havior  of some of the test  objects  to  certain  foreign  proteins  was 
also studied  from  the  same  standpoint. 
TECHNIQUE  OF  OBTAINING  THE  MATERIAL. 
Citrate  MateriaL--Citrate  plasma was  always  obtained by the  following pro- 
cedure.  A  cannula  and  attached  rubber tube  were boiled,  oiled, and  filled with 
a  citrate  solution  made  by  dissolving sodium  citrate in  Ringer  to  the  extent of 
2  per cent.  After the cannula had  been inserted into  the  carotid  of a  dog,  the 
end  of  the  rubber tube  was  dipped below  the  citrate  solution and  a  volume  of 
blood  equal  to  the  citrate-Ringer  solution  was  run  in.  Then  the  blood  and 
solution were stirred gently but sufficiently to insure proper mixing.  In case the 
plasma and serum were to be used  for perfusion experiments the blood was kept 
in  the incubator  for one to  one  and  one-half hours.  6  Each  fluid  used  for  per- 
fusion  was  also  filtered  before  injection.  The  serum  for  comparison  was 
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derived  from  defibrinated  blood  of  the  same  animal  to  which  an  equal  volume 
of  citrate-Ringer  solution  was  added  while the  mass  of  fibrin was  still  floating 
in  the blood.  After  mixing  the fibrin was  removed.  In  a  few  experiments  we 
used  whole blood  for  the  rings,  the intestine, and the uterus  preparation,  but  in 
the majority we used serum and plasma.  For the perfusion experiments,  it was 
of  course  necessary  to  centrifugalize  repeatedly  until  all  the  corpuscles  were 
separated.  In  addition  to  citrate  serum,  serum  to  which  no  citrate  had  been 
added,  usually  from  the clotted blood,  was  also  generally tested  for  the  sake  of 
comparison. 
Peptone Plasma.--The technique  for  obtaining this  is  given  in  the  protocols 
of  the experiments  quoted. 
Hirudin MateriaL--The  technique  for  obtaining  hirudin  plasma  was  prac- 
tically the same  as  for  citrate  plasma.  The  blood was  run  into  a  solution  con- 
taining  I  rag.  of  hirudin  per  cubic  centimeter  of  Ringer  solution.  The  pro- 
portion  of  hirudin  solution  used  varied,  and  is  given  in  the  protocols  of  the 
separate  experiments.  The  serum  for  comparison  was  obtained  by  diluting  the 
defibrinated  blood  with  the  proper  amount  of  hirudin  solution  before  centrifu- 
galization.  The blood was kept in the incubator for a  time before separating the 
plasma  and  serum  if  they  were  to  be  used  for  perfusion.  In  all  the  experi- 
ments  except  those  with  the  material  of  September  26  the  hirudin  plasma  was 
obtained from dogs.  The material of  September 26 was purposely obtained from 
rabbits in order to  determine whether the use of homologous  material made any 
difference  as  regards  the  intestine  and  uterus  preparations. 
TECHNIQUE  OF  MAKING  THE  TESTS. 
Vessel Rings.--The  test  object  consisted  of  a  ring  about  1.5  ram.  wide  cut 
from  a  sheep's  carotid  artery.  With  practice  the  width  of  the  rings  can  be 
made  nearly  uniform.  In  a  small  cylindrical  glass  vessel  with  a  capacity  of 
about 2  c.c.  the ring was held between two hooks,  one fastened to  the bottom of 
the vessel,  the other connected with the lever by a  light silk thread.  The hooks 
were  made  of  aluminium  wire.  After  the  ring  was  suspended  in  this  way  the 
vessel  was  filled  with  Ringer  solution,  lowered  into  the  bath,  kept  between  39  ° 
and 40  ° C.,  and oxygen was bubbled through the solution by means of a  side tube 
near the bottom of  the vessel.  In  the present work  the weight used  in  stretch- 
ing  was  IO gin.  The  time  allowed  for  stretching was  five  minutes,  this  being 
found  practically  as  effective  in  producing  a  sufficient  permanent  relaxation  as 
a  period of  fifteen to twenty minutes.  Stretching with a  heavier weight did not, 
according  to  our  experience,  appreciably  increase the  sensitiveness of  the  rings 
to  serum.  After  stretching,  the  weight  was  removed  and  the  preparation 
allowed  to  come  to  equilibrium.  Then  the  fluid  to  be  tested  was  made  to 
replace the Ringer solution by means of a  bent pipette drawn out  so as to  reach 
to  the bottom of  the vessel  without  disturbing the  ring.  The  ring was  allowed 
to  contract under the weight of  an ordinary  muscle lever,  the  shortening of  the 
ring  being  magnified  twenty-one  times.  In  most  cases  when  plasma  was  used 
which  gave  no  effect  or  only  a  slight  effect,  this  was  replaced  by  an  active 
serum.  In this  case the  serum  always  gave a  smaller effect  than  when used  to 
displace  the  original  Ringer  solution.  Therefore,  for  comparison  only  those 
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Perfusion.---In the  frog perfusion experiments the technique used  was  essen- 
tially  that  of  Trendelenburg.'  At  first  considerable  difficulty  was  experienced 
in  inserting the  cannulas.  It  was  found  later  that  this  was  largely  due  to  the 
fact that  the  frogs had  been  freshly  caught.  Their  vascular  sensibility  was  so 
great  that  immediately on  cutting  the  vessels  contracted  sufficiently  to  make  it 
well nigh  impossible to  insert  even the  smallest cannula.  When  kept  in  a  tank 
indoors without  food they apparently became much less sensitive in this respect, 
and  after  a  week or two the  difficulty  disappeared.  Pithing  the  frog twelve to 
twenty-four  hours  before  the  experiment  also  rendered  the  insertion  of  the 
cannulas  easier.  Care  must  of  course  be  exercised  in  putting  on  the  ligatures 
so that leakage is avoided as  far as possible.  Still, with every care, some oozing 
of fluid is  likely to  occur  and  occasional  drops  may  form  and  run  down  from 
the  preparation  without  passing  through  the  outflow  cannula.  Since,  however, 
when  the  preparation  is  properly  made  the  outflow  from  the  cannula  proceeds 
with  great  regularity  and  includes  by  far  the  greatest  part  of  the  perfused 
liquid,  slight  leakage  does  not  seriously  invalidate  the  experiment. 
In the experiments in which citrate plasma was  used  the perfusion fluid con- 
tained 0.5 per cent.  sodium citrate.  But in order to allow clotting to occur as far 
as  possible at the cut surfaces  to close up  the  small vessels which could not  be 
ligated,  the  perfusion  was  always  begun  with  ordinary  Ringer  solution,  two 
Mariotte bottles, one containing Ringer and  the  other  citrate-Ringer, being con- 
nected by  a  T-piece with  the  perfusion  system.  It  was  found  advantageous  to 
avoid  high  pressure  in  perfusing  because  the  higher  the  pressure  the  sooner 
excessive edema  sets  in,  which  diminishes  considerably  the  rate  of  perfusion. 
The  amount  injected  and  the  dilutions  are  given  in  the  curves  reproduced  in 
figures 2  and  3  and  in  the  descriptions  of  figures 4  and  5.  We agree  with  the 
observation of  ]3roeking  and  Trendelenburg  8 that  "like all  forms  of  biological 
testing,  the  perfusion  method  gives  perfectly  constant  and  satisfactory  results 
only after  long experience." 
Intestine  and  Uterus  Preparations.--The  technique  was  the  same  as  that 
previously  employed  by  one  of  us?  The  smaller  apparatus,  holding  2.5  c.c. 
without the preparation,  was  used throughout.  Unless otherwise stated,  enough 
liquid  (2  c.c.)  was  always  added  to  displace  the  whole  of  the  liquid  initially 
present. 
RESULTS. 
CITRATE PLASMA AND SERUM. 
Experiments  were  made  with  eight  samples  of  material  from 
different  animals. 
Artery  Rings.--The  results  were practically uniform.  With  the 
rings  the  citrate  plasma  usually  gave  a  small  effect.  Where  no 
effect was  given the  sermn  also  had  a  relatively small  action.  Ac- 
cordingly  we  recognized  as  suitable  for  our  purpose  only  arteries 
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which gave a decided effect with serum.  The corresponding citrate 
serum  invariably produced a  greater effect than  the plasma,  and  in 
all  the  experimentsbut  one a  much  greater  effect. 
In  reporting  the  artery  ring  experiments  it  would  be  without 
object to  express  the  results  in  numbers,--for  instance,  the  maxi- 
mum  rise  obtained,  or  the  latent  period  which  elapsed  before  the 
rise  began,  or  the  amount  of the  rise  which  took place  in  a  given 
time  following  the  change  of  liquid,--since  such  numbers  would 
give  to  our  results  by this  method  an  appearance  of  quantitative 
accuracy  which  would  be  fallacious.  The  following  designations 
will therefore be used.  Slight  rise,  as  in figure  I,  observation  14; 
moderate  rise,  as  in figure  ~,  observation  5;  good rise,  as  in  figure 
I3,  observation  I8;  very good  rise,  as  in  figure  I,  observation  I6. 
In  some  cases  it  was  doubtful whether  there  was  any  rise  of  the 
lever due to the substance added, or whether we were dealing simply 
with  the  slow,  elastic  recoil  of  the  ring  which  might  in  any  case 
have taken place.  Condensed results of the experiments follow. 
Protocols.--Aug.  I9,  I912.  Citrate  plasma  gave  practically  no  rise;  citrate 
serum,  a  good  rise. 
Aug.  22.  Citrate  plasma  gave  practically  no  rise;  the  corresponding  citrate 
serum  gave  a  good  rise. 
Sept.  I3.  Citrate plasma gave  a  slight  rise;  citrate  serum,  a  very good  rise; 
serum  without citrate,  a  very good  rise. 
Sept.  14.  The  same  plasma  and  serum  that  were  compared  on  Sept.  13. 
Plasma gave no noticeable rise;  citrate serum  (replacing plasma),  a  good  rise. 
Sept.  16.  Citrate  plasma,  no  noticeable  rise;  citrate  serum,  a  fairly  good 
rise,  which  would  correspond  to  something intermediate  between  moderate  and 
good  in  the  above  scheme.  Citrate  plasma  from  blood  whipped  for  fifteen 
minutes  before  separating  the  plasma,  as  was  the  case  with  the  defibrinated 
blood  used  for  comparison,  gave  no  noticeable  rise.  The  object  of  whipping 
the blood was to test the question whether in this way any pressor effect could be 
developed when the blood  was whipped after some  time had elapsed  since it had 
been shed. 
Sept.  19.  Citrate  plasma,  no  noticeable  rise;  serum  plus  citrate,  moderate 
rise;  serum  from  clot,  very  good  rise;  serum  from  clot  diluted  with  an  equal 
volume  of  Ringer,  good  rise. 
Sept.  2I.  Citrate  plasma,  very  slight  rise  (less  than  would  correspond  with 
a  slight  rise  in  the  above  scheme);  citrate  serum  replacing  plasma,  slight  rise; 
citrate serum replacing Ringer, moderate rise;  serum  from clot, good rise. 
Sept.  24.  Citrate  plasma,  slight  rise;  citrate  serum,  good  rise;  serum  with- 
out  citrate,  very  good  rise. 
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Perfusion  Preparation.--On  this  preparation,  also,  the  results 
were more  uniform  than  with the  only other plasma  used  for per- 
fusion,--hirudin  plasma.  Whenever  serum  gave  a  marked  slow- 
ing in  the flow, the slowing produced by the corresponding  plasma 
was decidedly less.  Yet the plasma invariably produced some slow- 
ing,  and  where  the  serum  effect was  small,  the  relative  difference 
between  the  action  of  the  plasma  and  serum  was  less  than  where 
the serum effect was large.  The smaller the effect produced by the 
serum,  the  greater  the  tendency  for  the  difference between  it  and 
the  plasma  effect  to  disappear.  For  this  reason  only  experiments 
in which serum gave a  decided effect were looked upon as available 
for deciding the question at issue. 
Figure  2  gives  in  the  form  of curves an  example  of the  results 
for  one  specimen  of  the  citrate  material.  Small  portions  of  the 
actual  drop  records are  reproduced  in figure 4. 
Intesti~,e.--The  intestine  preparation,  on the  other hand,  showed 
no constant difference between the citrate plasma and serum.  With 
each,  the  first  effect was a  rapid  increase  of tone,  which,  however, 
was  much  more  transient  than  that  given  by plasma  or serum  not 
containing  citrate.  The  rise  quickly  gave  place  to  a  diminution 
of  tone  which  in  some  cases  sank  far  below  the  initial  level,  the 
strength  of  the  beats  being at  the  same  time  diminished.  There 
is  every  reason  to  believe  that  the  initial  increase  of  tone  repre- 
sents  the  effeot  of  the  plasma  and  serum  as  such,  and  the  sub- 
sequent  depression  the  effect  of  the  citrate,  which  more  or  less 
completely  neutralizes  the  tone-increasing  power  of  the  serum 
and  plasma  as  indicated  by  control  observations  with  citrate- 
Ringer solution.  Since the  citrate action  in the concentration  used 
masks to a  great  extent  the  tone-increasing  power  of the  serum  or 
plasma,  the  comparison  on the  intestine  preparation  is  not quite  so 
satisfactory  as  with  the  other  plasmas  and  sera.  Yet  there  is  no 
evidence of any  inferiority  of the  plasma  as compared  with  serum 
in its power to increase  the tone  of this  smooth muscle preparation 
in the presence of the opposite effect of the citrate.  Indeed some of 
the  tracings  might  seem  to  indicate  that  the  plasma  may  have  an 
even  greater  effect  than  the  serum  in  neutralizing  the  depressant 
action  of  the  citrate.  We  should  hesitate,  however,  to  conclude 158  Comparison  of Action  of Plasma  and  Serum. 
that the plasma is ever superior to the serum in this  regard,  as it is 
doubtful  whether  the  differences  noted  in  certain  observations  do 
not fall within the normal limits of variation. 
Uterus.--For  the uterus preparation  also,  the  plasma  and  serum 
show practically the same behavior.  This  statement is based on an 
examination  of  the  citrate  material  of  August  19 ,  September  16. 
and  September  24.  Specimen  tracings  are  reproduced  from  the 
experiment  of  September  24  for  the  intestine  (figure  6)  and  for 
the  uterus  (figure  7)-  In  the  experiment  of  September  16  the 
preliminary  rise of tone  in the  intestine  was better marked,  in that 
of August 19 less marked, .than in the tracings reproduced both with 
plasma and with serum.  But the way in which the tone is sustained 
against the depressant influence of the citrate  (observation 16, figure 
6) is even better evidence than the absolute height of the preliminary 
peak  that  the  tone-increasing  power  of  the  plasma  and  serum  is 
still in evidence, even in the presence of the citrate,  and  to an equal 
degree in both plasma  and  serum. 
It was not considered advisable to test on the uterus and intestine 
the  citrate  material  of the  other experiments  which  had  been used 
for the ring and perfusion observations simply because it was recog- 
nized that  the presence of the citrate  rendered  the  liquids  less suit- 
able for work with these objects.  Only a  sufficient number of ex- 
periments  were made  to demonstrate that  in  the case of the citrate 
material  as well as  in the case of the hirudin  and peptone material, 
approximate equality of effect was obtained from plasma and serum. 
This  was  considered  important  since  the  most  striking  difference 
between the  plasma  and  serum  in  the  case of .the  artery  rings  and 
the  perfusion  preparation  had  been  made  out  with  the  citrate 
material. 
PEPTONE  PLASMA  AND  SERUM. 
Material  was obtained  from two dogs.  Material  from two other 
dogs was not used on account  of early clotting. 
Experiment  of ./tug.  22,  .r9r2.--After about  50  c.c.  of  blood had  been  drawn 
from  one  carotid  artery  of  a  dog,  and  defibrinated,  0.7  gin.  per  kilogram  of 
Witte's peptone was  injected into the  femoral vein.  A  IO  per  cent.  solution of 
the  peptone  made  up  in  a  0.9  per  cent.  sodium  chloride  solution  was  used. 
Blood  was  then  drawn  in  twenty-five minutes  through  a  cannula  (boiled  and 
oiled)  in the other carotid.  The plasma from this blood although it clotted later G. N. Stewart  and  T. F. Zucker.  159 
showed no signs of coagulation before or during the vessel ring experiment.  The 
effect on the  ring was  fully  as great as that of the  serum. 
Experiment  of Aug.  24,  I9xa.--From one carotid  of a  dog blood was  drawn 
and defibrinated.  Then o.7 gm. of peptone per kilo of body weight was injected 
intravenously  as in the preceding experiment.  The injection  (58 c.c.) was made 
in two minutes  (2:24 to 2:26 P.  M.).  Six samples of blood were then drawn  off 
from the  other  carotid  at  the  following  times:  (I),  2.29; (2),  2.32; (3),  2.36, 
(4), 2.5I;  (5), 3.Io;  (6), 3.20 P. M. 
Artery  Rings.--The  effect of most  of  the  specimens  of peptone 
plasma  was  as  great  as  that  of  serum  from  the  same  animal.  In 
two observations the  peptone plasma produced a  somewhat greater 
effect  than  the  serum.  In  two  observations  the  action  of  the 
plasma was somewhat inferior to that of the serum.  Obviously the 
results  of  the  comparison between  peptone  plasma  and  serum  are 
very different  from the  corresponding results  for  citrate  material. 
This is well illustrated  in the  following condensed protocol showing 
the results of the ring tests with the material of August 24. 
In this  experiment  the  carotid  of a  dog was  used  for  the  artery  rings, the 
only occasion on which  an  artery other than  the  sheep's  carotid  was  employed. 
The rings  being  smaller,  the  rise  observed  was  not  so  great.  Nevertheless  the 
effects  were  prompt  and  well marked.  The  results  of  comparing  the  various 
plasmas  with  serum  from the  same dog  may be  summarized  as  follows: 
Plasma z.--Not as great as serum. 
Plasma 2.--About the  same as serum. 
Plasma 3.--Had clotted before the tests  were made. 
Plasma 4.--Fully  as  great  as  serum. 
Plasma 5.--Not quite equal to serum. 
Plasma 6.--Had clotted before the tests  were made. 
None of the  material  used  for the  ring tests  had  shown any clotting. 
No  observations  were  made  with  the  peptone  material  on  the 
per fusion preparation. 
Intestine.--For comparison with the peptone plasma it was neces- 
sary to use serum either undiluted or diluted with Ringer to a known 
extent.  Peptone  was  not  added  to  the  serum,  as  the  amount  of 
peptone  in  any  plasma  was  unknown.  Since  the  plasma  was  ob- 
tained  by a  reaction  within  the  body,--a veritable  intoxication  in- 
deed,--exact.comparison of plasma and  serum was in any case ren- 
dered  impracticable  by  the  fact  that  in  addition  to  the  substance 
which  restrains  clotting other  substances  formed  in  the  reaction  of 
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affect  the  intestine  and  uterus.  Nevertheless  the  general  resem- 
blance  between  the  action of  peptone ,plasma  and  serum  on  these 
test objects is not obscured,  as is shown in the tracings reproduced 
in figures 8  to  I I.  It is worthy of note that plasma 5  (figure  IO. 
observation  I8), which clotted before it was used,  instead of caus- 
ing a  larger  increase  of tone than plasma  I  or 4,  produced a  con- 
siderably smaller increase.  Too much stress, however, nmst not be 
laid on this, for plasma 2  (figure IO, observation 12), which had not 
clotted,  produced  an  even  smaller  effect,  and  therefore  an  effect 
much inferior to that of the other unclotted plasmas.  The cause of 
this  difference in the effects was not  due  to a  deterioration of the 
segment, since after these observations it still gave almost as great 
an  increase  of  tone  with  the  serum  as  at  first.  As  already  re- 
marked,  the changes in the blood by the  reaction  of  the  organism 
to the peptone could not be controlled and these probably influenced 
the action of the various specimens of plasma in different degrees. 
The peptone itself, as shown in figure I I, caused some inhibition of 
the segment, and this might also be a  factor in producing the differ- 
ences  between the  specimens,  although  the  presence  of  unchanged 
proteose  cannot  itself account  for them,  since  it  is  to be  supposed 
that more would be  found in plasma  i  than in plasma 2. 
HIRUDIN  PLASMA  AND  SERUM. 
Experiments  were  made  with  material  obtained  from  eight 
animals. 
Artery Rings.--Hirudin plasma always gave  some  effect except 
with the least sensitive preparations.  Occasionally the effect of the 
plasma was marked.  In no instance, however, did the plasma pro- 
duce as  great  an  effect as  the  serum,  while  in  general  the  plasma 
effect was distinctly inferior  (figure I,  observations I  to  5).  Yet 
on the whole the difference between the hirudin plasma and serum 
was less than the difference between the citrate plasma and serum. 
No  clotting was  ever  observed  in  the  plasma  during contact  with 
the rings, although carefully looked for.  While some of the prepa- 
rations clotted later, this did not occur for many hours.  Most  of 
them did not clot during the period  for which they were observed 
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Protocols.--Aug.  29,  1912.  Dog blood was  run into 25 c.c.  of  hirudin solution 
(I  rag.  per  c.c.)  to  make  ioo  c.c.  For  the  serum  60  c.c.  of  defibrinated  blood 
was mixed with 2o c.c.  of the hirudin solution. 
Results of the Ring  Tests.--Plasma, moderate  rise;  hirudiu  serum, good  rise; 
serum  from  defibrinated blood,  good  rise. 
Sept.  Io,  1912.  (I)  Plasma.  Blood  was  run  into  2o c.c.  of  hirudin  solution 
(I  rag.  per c.c.)  to  make  I0O  c.c. 
(2)  Serum.  80 c.c.  of  defibrinated blood  were  mixed  with 20  c.c.  of  hirudia 
solution. 
(3)  Same  as  (I);  collected  after  (2). 
(4)  Same  as  (2);  collected  after  (3). 
(5)  Serum  from  defibrinated  blood;  collected  after  (4). 
(6)  Serum  from  clot;  collected  after  (5). 
Great  care  was  taken  in  collecting  the  hirudin  blood  and  no  flaw  was  dis- 
coverable in the technique. 
Results of the Ring  Tests.--Plasma, good rise;  hirudin serum, very good  rise, 
more  than  with  plasma;  hirudin  solution,  no  effect;  serum  without  hirudin, 
very good  rise,  about  the  same  as  with  hirudin  serum. 
Sept.  13,  1912.  Plasma.  4o  c.c.  of  blood  from  a  dog's  carotid  were  run 
into  2o c.e.  of  hirudin solution  (I  mg.  per c.c.). 
Hirudin  serum.  2o c.e.  of hirudin solution  were  added  to  4o c.c.  of  defibrin- 
ated  blood. 
Results  of  the  Ring  Tests.--Plasma,  slight  rise;  hirudin  serum  replacing 
plasma,  very  good  rise;  hirudin  replacing  Ringer,  very  good  rise.  Same 
material  tested  on  Sept.  14.  Hirudin  plasma,  slight  rise;  hirudin  serum,  good 
rise. 
Sept.  26,  1912.  Blood  was  obtained  from  two  rabbits,  with  the  usual 
precautions.  From  each  rabbit 3o c.c.  of  blood  were  run into  IO c.c.  of  hirudin 
solution  (I  mg. per c.c.).  To defibrinated blood from the same animals  (a  mix- 
ture of approximately equal quantities of  blood  from each  rabbit)  a  correspond- 
ing  amount  of  hirudin  solution  was  added.  The  two  specimens  of  unclotted 
hirudin  blood  first  obtained  were  mixed.  The  preparations  were  kept  in  the 
incubator  for  about  thirty  minutes before  centrifugalization. 
Results  of  the  Ring  Tests.--Plasma,  moderate  effect;  hirudin  serum  dis- 
placing plasma,  good  effect;  hirudin  serum  displacing  Ringer,  very  good  effect; 
hirudin  solution  in  Ringer  (dilution  the  same  as  in  the plasma,  as  indicated  by 
the  relative volume of corpuscles  and plasma  in the blood),  no  effect. 
Oct.  2,  1912.  Plasma.  6o e.c.  of  dog  blood  were  run  into  2o  c.c.  of  hirudin 
solution  (I  rag.  per  c.e.). 
Hirudin  serum.  6o c.e.  of  defibrinated blood  were  mixed  with 2o  e.e.  of  the 
hirudin  solution. 
Results  of  the  Ring  Tests.--Plasma,  moderate  rise;  hirudin  serum,  good 
rise;  plasma  (ring  stretched  in  hirudin  Ringer  solution  instead  of  in  Ringer), 
moderate  rise,  but no  smaller than that given by the plasma  replacing  Ringer. 
On Oct. 3,  1912,  the unclotted hirudin blood of Oct. 2  was  diluted with such a 
volume  of  Ringer  as  made  with  the  hirudin  solution  previously  added  a  final 
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with the  defibrinated  blood.  The  dilute plasma  and  serum  were  then  separated 
and  tested  on artery  rings  with the  following results;  serum,  good  rise; plasma, 
slight  rise;  serum  displacing  plasma,  good  rise;  p!asma,  slight  rise;  serum 
displacing  plasma,  good  rise. 
In  this  experiment  the  relative activity of  serum  and  plasma  in  the  dilution 
mentioned  resembled  more  closely  the  relative  effects  of  citrate  plasma  and 
serum,  which  were  always  obtained  from blood diluted  to  the  same  extent. 
Since the hirudin  plasma and  serum obtained  in our experiments 
were  less  diluted  than  the  citrate  plasma  and  serum  it  seemed  de- 
sirable to ascertain whether this  factor had any influence in produc- 
ing  the  difference  noted  in  the  relative  effect  of  the  plasma  and 
serum in the two cases.  Figures  I2  and  13  illustrate  observations 
made  for this  purpose with  the material  of October  I6.  In  figure 
I2  at  I,  dog's  citrate  plasma,  of the  concentration  ordinarily  used 
in  our  experiments  ('that  is,  obtained  from  blood  diluted  with  its 
own volume of citrate  solution)  and  referred  to in  the  description 
of the figure  as plasma A,  replaced  Ringer  and  was itself  replaced 
at  2  by the  corresponding  citrate  serum  (serum  A).  At  3  citrate 
plasma  (plasma  B),  from  the  same  animal  obtained  from  blood 
diluted  with half  its own volume of a  Ringer  citrate  solution con- 
taining  twice  the  concentration  of  citrate  ordinarily  used  for 
plasma,  replaced  Ringer,  and  was  itself  replaced  at  4  by the  cor- 
responding  citrate  serum  (serum  B).  It  will  be  seen  that  in  the 
greater concentration the plasma and  serum effects are  increased in 
approximately the  same proportion.  Accordingly, the greater  con- 
centration  of  the  hirudin  material  as  ordinarily  tested  does not  of 
itself account for the difference referred to.  Observations 5 and 6, 
and  7 and 8,  were repetitions  respectively of observations  I  and  2, 
and  3  and  4,  on  rings  from the  same  artery.  Although  the  abso- 
lute amount  of the  rise  is different, yet the proportion  between the 
serum  and  plasma  effect  is  not  greatly  altered  and  is  still  of  the 
same  order  of  magnitude  as  we  have  always  observed  with  the 
citrate  material. 
On rings of another sheep artery  (figure  13)  observations I4 and 
I5,  corresponding  to  I  and  2,  and  observations  I6  and  I7,  cor- 
responding  to  3  and  4,  of  figure  I2  show  even  more  clearly  that 
so long as the concentration  is kept the same in both a  mere differ- 
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great  difference  in  their  pressor  action.  For comparison  observa- 
tions  18 and  19  (figure  13)  are  reproduced,  showing the  effect of 
the citrate  serum in the two dilutions when the Ringer was directly. 
replaced by it.  In figure  14 with rings  from a  third  sheep's artery, 
the  effects of  serum  from  the  same  dog  (without  citrate),  diluted 
with  different  amounts  of Ringer,  are  displayed.  The  details  are 
given in  the  description  of the  figure. 
Perfusion Prepara~ion.--Hirudin plasma and  serum differ less in 
their  effect  on  the  rate  of  perfusion  than  do  citrate  plasma  and 
serum.  In certain cases the effect of the plasma, although the maxi- 
mum slowing was as great as that produced by the serum,  was less 
durable.  In  a  number  of  instances  the  total  plasma  effect  was 
fully as  great  as  the  serum  effect.  No  indication  of clotting  was 
ever seen in the diluted plasma which was injected.  Figures 2  and 
3  give  spec~m.ens  of  the  curves  showing  the  changes  in outflow  in 
two  of  the  experiments  (those  of  September  26  and  October  2). 
Figure  5 shows a  specimen of the drop record  from the experiment 
of September 26. 
In testine.--No  appreciable  difference was  found in the  effect of 
hirudin  plasma  and  serum  on  this  preparation.  This  confirms  the 
conclusion  previously  reached  by  one  of  us. a°  Only  ,two  experi- 
ments,  one  on  dog  blood and  the  other on  human  blood,  were  re- 
ferred to in that paper, but these were part of a  larger  series which 
was continued in the present investigation.  It may be well to explain 
that  in  these  two  experiments  Ringer's  solution  without  hirudin 
was  added  to  the  defibrinated  blood,  to  give  the  same  dilution 
as in the case of plasma.  This was done with the idea of permitting 
a  more  exact  appraisal  of  the  advantages  of  plasma  as  compared 
with  serum  for the  detection  of  adrenalin  in  the  peripheral  blood 
with  the  test  objects  (intestine  and  uterus)  previously  employed, 
since  in  the  previous  work  serum  alone  had  been  used.  For  the 
purpose of comparing the effects of plasma and  serum on the  tone 
of the  intestine  and  uterus  segments,  the  absence of hirudin  in the 
defibrinated blood in these two experiments really rendered the tests 
more severe,  since the hirudin  solution itself  (in  Ringer)caused  a 
slight  fall of tone  of the  intestinal  segment,  with  some diminution 
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in  the  size  of the  beats.  In  all  the  other  experiments  hirudin  was 
added  to  the  defibrinated  blood  in  the  same  proportion  as  to  the 
whole blood.  The results were identical.  In no instance was there 
any distinct and constant preponderance  of effect on the part  of the 
serum. 
That  this was not due to the effect of the serum being a  maximal 
response on the part  of the  preparation  was shown  (I)  by obtain- 
ing  markedly  greater  effects  on  the  same  preparation  with  un- 
diluted  serum,  and  (2)  by comparing  the  effects of  serum  diluted 
sufficiently to cause a  response  much below the  maximal  with  that 
of plasma diluted to the same degree.  The effects were practically 
identical with the diluted plasma and  serum  (figures  16 and  17). 
A  fact  of prime  importance  to be borne  in  mind  in  interpreting 
the tracings  fronl the intestine  preparation,  and one that  was noted 
in previous papers,  is that  not infrequently  the  first observation, or 
occasionally the first two or three observations, show a much smaller 
response,  at  any  rate  as  regards  increase  of  tone,  than  subsequent 
observations.  This is especially the case when the segment is beat- 
ing  feebly in  Ringer  solution.  It then  seems to require  some time 
when the Ringer is replaced 'by serum or plasma to attain  the nutri- 
tive  condition  in  which  it  responds  readily  to  the  tone-increasing 
property of the serum or plasma,  the first effect of the serous liquid 
being to  increase  the  size  of the beats.  After this  stage it  will  go 
on  responding  for  a  long  time  through  many  successive  observa- 
tions  with  remarkable  steadiness.  If now with such a  preparation 
a  comparison  of plasma and  serum  were begun by the  addition  of 
plasma  (as  in  observation 2,  figure  17)  the  change  of  tone  would 
appear far inferior to that occasioned by a subsequent application of 
serum,  and  if  the  experiment  stopped  here  (before  observation  6, 
for example, had been made in figure 17), the same relation between 
hirudin  plasma  and  serum  as  regards  their  effect  on  the  intestine 
might be supposed to be demonstrated  which undoubtedly exists for 
citrate  plasma and  sermn  in the case of artery  rings.  Yet this  im- 
pression would be at once corrected 'by performing the observations 
in  the  reverse  order  (as  in  observation  33,  figure  I8,  or  observa- 
tion  2,  figure  19).  The  serum  would  now  appear  to  increase  the 
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conclusion,  as  shown  by  observation  37,  figure  I8,  with  the  same 
serum. 
Uterus.--For the uterus the same general statement may be made 
as  for the  intestine  in  regard  to the  action  of the  hirudin  material. 
The  parallelism  is  even  more  impressive  in  the  case  of  the  uterus 
because it exists not only where the uterus responds to serum by an 
immediate  increase  of  tone,  but  also  where  the  primary  effect  of 
the  serum  is  an  inhibition.  Thus  in  figure  2o  the  effect  of  the 
hirudin  plasma from rabbits of September 26 on rabbit uterus  (ob- 
servation 39)  is to cause practically the same immediate increase of 
tone  as the  corresponding  hirudin  serum  (observation  4I).  That 
this  is  not  because both  effects are  maximal  is  shown by observa- 
tions 47 and  49  in  which the  hirudin  plasma  and  serum  were each 
diluted  with  five  volumes  of  Ringer.  The  increase  of  tone  pro- 
duced  by the  dilute  plasma  is  here,  indeed,  greater  and  somewhat 
more durable than that produced by the dilute serum.  In figure 2~ 
dog" hirudin  plasma  (observation 28)  and  hirudin  serum  (observa- 
tion  26)  of  September  i2  caused  practically  identical  and  very 
prompt  increases  of tone  in  a  rabbit  uterus  segment,  the  increase 
in  each  case  being  somewhat  greater  than  'that  occasioned  by  the 
serum  of the  same  dog  without  hirudin  but  diluted  with  its  own 
volume of Ringer. 
In  figures 22  and  23 , on the  other  hand,  material  obtained  from 
a dog on August 29 caused in a rabbit uterus preparation  as its first 
effect a  marked  relaxation.  Observations  24  and  28  (figure  22) 
are with  hirudin  plasma,  and observation 26 is  an  intermediate  ob- 
servation  with  the hirudin  serum.  The  general  similarity  between 
the  plasma  and  serum  effects  is  well  marked.  Observation  3o 
(figure  23)  shows  the  effect  of  the  hirudin  solution  in  Ringer, 
observation  32  that  of  serum  from  the  defibrinated  blood  without 
hirudin,  observation  36,  the  effect  of  adrenalin  I:I,ooo,ooo  in 
Ringer,  and  observation 42 that  of adrenalin  I : Ioo,ooo in  Ringer. 
The  adrenalin  observations  lend  no  support  to  the  idea  that  the 
inhibition  might  be  an  effect  of  epinephrin  in  the  blood.  The 
inhibitory  effect  of  the  serum  on  this  uterus  will  obviously  be 
intensified  by that  of the  hirudin  in the hirudin  plasma  and  serum. 
The  uterus was from an adult non-preg'nant  rabbit,  as was also the 
uterus  used  for figures  20 and  2I. 16~  Comparison  of  Action  of  Plasma  and  Serum. 
TRANSUDATES AND EXUDATES. 
The  results  of  these  observations  are  in  harmony  with  those  on 
serum  and  plasma.  H ydrocele  and  asci.tic  fluids,  presenting  the 
classical  characters  of  non-coagulable  transudates,  produced  no 
effect on  artery  rings.  Only the hydrocele fluid was tested  on the 
perfusion  preparation.  It  caused  merely  a  slight  slowing  in  the 
flow,  far less than  that  caused  by the  serum  used  for comparison. 
On  the  other  hand,  its  action  on  the  intestine  closely  resembled 
that  of  the  blood  serum  and  was  at  least  as  great  as  that  of  the 
serum  from a  typical inflammatory  exudate  (pleural  liquid)  which 
had clotted into a jelly before it was used.  For further  details and 
for the action of transudates on the uterus preparation the following 
paper may be consulted, n 
SERUM  FRACTIONS  AND  MODIFICATIONS  OF  SERUM. 
All  that  need  be said at  present  about  these  observations  is that 
it  proved  possible  to  obtain  (I)  alcoholic  extracts  from  serum 
which had no effect upon artery rings and yet caused in the intestine 
and uterus  segments qualitatively the  same  changes  as  the  original 
serum  (figures  24  and  25),  and  sometimes  quantitatively  even 
greater effects, and  (2)  modifications of serum  (heat preparations) 
which  while  differing  markedly  in  their  quantitative  effect on  the 
intestine  and  uterus  preparations  exerted  on  the  artery  rings  ap- 
proximately  the  same  effect  (figures  24  and  25).  This  supports 
the  conclusion  already  drawn  from  the  comparison  of  serum  and 
plasma  that  one and the  same  material  may affect the  various test 
objects very. differently,  and  shows that  the  existence  of a  marked 
difference in the action of a  given plasma and  serum  on the artery 
rings,  for example, does not render it a priori probable that a similar 
difference  will  be  found  in  their  action  on  intestine  segments. 
Further  illustrations  of this  are  found in some observmions on the 
action of certain  foreign proteins on some of the test objects. 
Protocols.--Alcohol  extracts.  July  19,  1912.  IOO  c.c.  of  sheep  serum  were 
mixed with 4o0 c.c. of 95 per cent. alcohol.  The mixture was  stirred  occasionally 
for  five  minutes and  then  filtered  with  suction.  The  filtrate  was  evaporated  on 
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a  boiling  water  bath.  TM  The  residue  was  taken  up  with  ioo  c.e.  of  Ringer's 
solution  and labelled A (I). 
After  precipitating  another  portion  of  the  serum,  filtering,  and  evaporating 
as  in  the  preparation  of  A(I),  the  residue  was  taken  up  with  successive  por- 
tions  of  absolute alcohol.  After  filtering,  this  alcoholic  extract  was  evaporated 
and the residue  taken up  with a  volume of Ringer solution  equal to  the original 
volume  of  the  serum  (A(2)). 
July  25,  1912.  An  extract  of  another  sample  of  sheep  serum  was  made  in 
the same  way  as  A(2)  of  July  19.  It  was  marked  A(3). 
Results of the Ring  Tests.--July 23.  A(I),  no  rise;  serum,  good  rise,  A(2), 
no  rise;  serum,  good  rise. 
July  25.  A(I),  no  rise;  serum,  moderate  rise;  serum  diluted  with  four 
volumes  of  Ringer,  moderate  rise. 
July 26.  A(3),  no rise;  serum, very good  rise. 
Intestine and  Uterus Tests.--A(I),  A(2),  and A(3)  all produced  a  good  in- 
crease  of  tone,  whether  tested  at  once  or  after  being  kept  for  several  days. 
The  effect  on  the  intestine,  however,  was  usually  less,  and  was  always  less 
durable than that caused by the original  serum  (figure 24,  observation 4),  while 
on the uterus  the effect  might be decidedly greater than that of  the serum  (for 
example the effect of A(3)  in observation 16, figure 25).  In all the observations 
in  which  it  was  used  A(3)  gave  with  the  uterus  an  effect greater  than  that of 
the serum,  and this is seen in experiments  on  the uteri of  two  rabbits separated 
by an interval of  two  days  (July 25 and 27). 
Heat Preparations.--July  19,  1912.  IOO c.c.  of  sheep  serum  were  heated  in  a 
boiling  water  bath.  After  coagulation,  IOO  c.c.  of  Ringer  solution  were  added, 
and  the  mixture  was  rubbed  up  and  strained  through  cloth.  The  filtrate  was 
labelled H(3). 
July  25,  1912.  To  50  c.c.  of  sheep  serum  obtained  on  July  25,  2oo  c.c.  of 
Ringer solution  were added  and  the  mixture was  heated on  wire  gauze  to  boil- 
ing.  Boiling  was  kept  up  for  a  few  minutes.  The  liquid  was  then  strained 
through cloth but hardly any coagulum had  formed  and  it passed  through as  an 
opalescent  liquid.  The  filtrate  was  labelled  H(5). 
Fifty  c.c.  of  the  same  serum  were  coagulated  in  a  boiling water  bath.  The 
coagulum was rubbed up in a  mortar with 2oo c.c.  of Ringer solution.  The solid 
particles  were  strained out and the liquid  was  filtered.  The filtrate was  labelled 
H(6). 1~ 
Results of the Ring  Tests.--July 24,  1912.  H(3)  gave a  good  rise,  about the 
same as  that given by the  serum  used  for compartson. 
July  26.  H(5),  good  rise;  serum  diluted  with  four  volumes  of  Ringer,  not 
as  good  a  rise  as  with  H(5),  but  the  difference  is  slight;  H(6),  about  the 
same  as  serum  diluted  with  four  volumes  of  Ringer. 
12Alcohol  extracts  evaporated  at  lower  temperatures  and  reduced  pressure 
have a  good pressor  effect on artery  rings. 
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certainty  from  any  serum  preparations  differing  in  their  action  as  H(5)  and 
H(6)  did.  Our  point  is  that  these  products,  however  obtained,  did  in  fact 
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Intestine.--H(3)  gave  a  very  good  and  sustained  increase  of  tone  quite 
comparable  to  that  occasioned  by  the  corresponding  serum.  H(5)  (figure  24, 
observation  15)  caused  a  large  increase  of  tone  greater  than  that  produced  by 
the  unheated  serum  similarly  diluted  with  Ringer  (observation  9).  The  con- 
tractions  disappeared  and  the  increase  of  tone  was  soon  succeeded  by  a  great 
fall.  Not  only  quantitatively  but  qualitatively  the  effect  was  quite  different 
from that of the unaltered serum and  from that of H(6).  This was verified by 
repeated observations on intestine segments  from two rabbits. 
H(6)  (figure  24,  observation  ii)  produced  a  rise  in  the  curve  somewhat 
inferior  to  that  produced  by  the  unheated  serum  similarly  diluted.  The  beats 
continued just as  in the unaltered serum  and the increase of  tone was  well  sus- 
tained.  This  similarity  in  the  action  of  H(6)  with  that  of  serum  was  also 
verified  by  a  number  of  observations  on  preparations  from  two  rabbits.  The 
difference  between  H(6)  and  H(5)  is  most  strikingly  shown  in  observations 
I7  to  20,  figure 24,  where  the  replacement by  H(6)  of  serum  diluted  with  four 
volumes  of  Ringer  produced  little  effect,  while  the  subsequent  replacement  of 
It(6)  by H(5)  caused  the  characteristic  diminution of  tone  after  a  preliminary 
rise. 
Uterus.--H(3)  affected  the  uterus  preparation  much  as  the  corresponding 
serum  did,  causing  the  usual  increase  of  tone.  H(5)  produced  a  decidedly 
greater  and  more  sustained  increase of  tone  than either  H(6)  or  the unaltered 
serum  correspondingly  diluted. 
FOREIGN  PROTEINS. 
As  already  indicated,  the  main  point  of  interest  in  these  observations  as 
regards  our  present  subject  is  the  further  and,  indeed,  striking  evidence  they 
afford that a  material which  exerts little or  no action on  one  of  the test objects 
(artery  rings)  in  comparison  with  serum  may  have a  very  decided  effect,  quite 
comparable  in  magnitude  with  that  of  the  same  serum  on  another  test  object 
(intestine segment). 
Protocols.--Sept. 28,  1912.  Egg white.  The white of  an egg which was  laid 
the  same  day  and  in  which  decomposition  products  are  therefore  certainly 
excluded  was  strained  through  several  layers  of  cheese  cloth  and  various  dilu- 
tions  of  it with  Ringer  solution  were  made. 
Witte's Peptone.--One  gin.  of  Witte's  peptone  was  rubbed  up  with  2o  c.c. 
of  Ringer  solution.  A  slight sediment  remained  behind on  decanting.  Further 
dilutions  were  made  with  Ringer  solution. 
Wheat  Flour  Suspension.--Schultz  states  that  an  extract  of  the  wheat 
proteins  gives  a  better  effect  on  the  guinea  pig  intestine,  but  as  he  states  that 
he also  obtains a  good  effect with a  suspension of  wheat  flour in  distilled water 
we  used  the latter.  This  suspension was  made by  shaking up  25  gin.  of  wheat 
flour  with  5  °  c.c.  of  distilled  water.  Further  dilutions  were  made  with  Ringer 
solution. 
Results of the Ring Tests.--Egg white,  undiluted,  slight effect;  diluted  with 
one  volume  of  Ringer,  very  slight  effect  (figure  I,  observation  14);  rabbit 
serum diluted with one volume of Ringer, very good effect  (figure I,  observation 
16).  Dog  serum  (of  Sept.  24)  also  gave  a  very  good  effect.  These  observa- G. N. Stewart  and  T. F. Zucker.  169 
tions  should  be  compared  with  the  corresponding  observations  on  the  intestine 
preparation  (figure  26).  It  will  be  seen  that  the  tone-increasing  power  of  the 
egg  white  diluted  with  its  own  volume  of  Ringer  on  the  intestine  preparation 
is  of  the  same  order  of  magnitude  as  that  of  the  rabbit  serum  correspondingly 
diluted. 
Witte's  Peptone.--Both  the  5  per  cent.  solution  and  a  0.5  per  cent.  solution 
were  practically  without  effect  on  the  artery  rings. 
Wheat Flour Suspension.--5o per  cent.  suspension;  slight effect.  Suspension 
diluted  with 9  volumes  of  Ringer;  very  slight  effect.  On  the  intestine  prepara- 
tion, the 5o per cent. suspension produced a  fair increase of tone, which, however, 
was  transient. 
]ntestine.--Solutions  of  egg  white  which  had  no  effect  on  the  artery  rings 
caused  a  decided  increase  of  tone  on  the  intestine  preparation,  an  increase  of 
tone  comparable  with  that  produced  by  serum  (observations 27  and  29,  31  and 
33,  figure 26). 
Solutions  of  Witte's  peptone  caused  some  inhibition  of  the  in- 
testine, which gave place to a  remarkably abrupt increase of tone on 
washing with Ringer's solution  (observations 31  and 35, figure  I I ). 
No such phenomenon  was observed with the  artery  rings.  It does 
not seem to  depend  on  a  difference between the  effects of concen- 
trated  and  dilute  solutions  of  the  peptone,  as  we  at  first  thought 
might be the case from the statement of Schultz  TM as to the stimulat- 
ing action of peptone on guinea  pig intestine.  A  possible explana- 
tion,  but one which we have not tested, is that  Witte's peptone con- 
tains "two substances which act  on the  intestine,  one  inhibitory  and 
the  other stimulating.  The  first  substance  (or  its action)  is easily 
removed  by washing  with  Ringer,  while the  second  substance  (or 
its action)  is not  so easily removed  by washing. 
Extracts  of  wheat  flour which  caused  some  increase  of  tone  in 
the  intestine  preparation  were inactive  as  regards  artery  rings. 
A  word or two may be added on the bearing of our results on the 
technique of epinephrin tests.  We believe that Janeway and Park 1~ 
are  correct  in  considering  the  artery  ring  method  a  good one  for 
this  purpose,  although  we are  not  impressed  with  the  sensitiveness 
of  the  ring  pi-eparations  for  adrenalin.  Our  experience,  like  that 
of  most  previous  observers,  is  that  artery  rings  are  inferior  in 
this  respect  to preparations  such  as  intestine  and  uterus  segments. 
The  great  advantage  of the  artery  ring  in  our  opinion  is  the  rela- 
~ Schultz, W.  H., Bull. Hyg. Lab.,  U. S. P. H. and M.-H. g..  1912,  No.  8o, 37. 
~nJaneway,  T.  C.,  and  Park,  E.  A,  Jour. Exper.  Med.,  I912,  xvi,  54I. 170  Comparison  of Action  of Plasma  and  Serum. 
tive constancy of the response in a  qualitative sense and its definite- 
ness.  The  response to epinephrin  as well as to serum  is,  from the 
nature of the biological mechanism involved, an exceedingly simple, 
and  therefore  unambiguous  one.  The  intestine  or uterus  segment 
has  several  ways in  which  its  activity may be altered.  The  beats 
may increase or diminish  in  strength  or  in  rate,  and  the tone may 
increase  or  diminish.  The  response  to  adrenalin  or  serum  in  one 
condition  of  a  segment  may  be  different  from  the  response  in 
another nutritive condition.  Another advantage of the rings .is that 
the  complicating  effect  of  the  pressor  action  of  serum  can,  as  a 
rule,  be avoided  to  a  considerable  extent  with  the  artery  prepara- 
tion  by using  citrate  plasma.  This  as  we  have  shown  is  not  the 
case for intestine  and  uterus segments. 
The  use  of  plasma,  however,  even  for  the  rings  has  its  disad- 
vantages,  of which the  gravest  is  that  we  cannot  be quite  certain, 
even  with  citrate  plasma,  that  a  given  pressor  effect  is  due  to 
epinephrin  and not to a  development, greater  than  the ordinary  for 
this  form of plasma,  of the pressor property  of  shed blood.  This 
difficulty becomes greater  with the  Laewen preparation  even when 
citrate plasma is used, and still greater, both with the rings  and the 
perfusion preparation,  when  hirudin  plasma is  employed.  We are 
therefore  impressed  by the  argument  of  Kahn  in  which  he  depre- 
cates the abandonment  of serum for the perfusion method in  favor 
of  plasma,  as  recommended  by  O'Connor,  and  points  out  that. 
although the constrictor effe.ct of a serum may often be greater than 
that of the corresponding plasma,  it is much more constant and can 
accordingly  be  more  easily  'taken  account  of.  For  the  intestine 
and  uterus  preparations,  as  we  have  shown,  plasma  offers  no  ad- 
vantages  over  serum.  Anyone  who  desires  to  work  with  these 
preparations  on account  of their  superiority  in  sensitiveness  to  the 
other  preparations  will  therefore  naturally  employ serum.  Hence 
we  fail to  see any  reason  for the  statement  of Janeway and  Park 
that  "Stewart's  negative  conclusions  are  invalidated  by  the  fact 
that  he  worked  with  serum."  The  further  statement  of  these 
authors,  that  "Stewart  obtained  epinephrin  reactions  constantly 
only when the adrenal gland was handled roughly or massaged,  and 
regularly  failed  to obtain  such  reactions  when  precautions  against G. N. Stewart  and  T. F. Zucker.  171 
this  were taken  even  though  the  splanchnics  were  stinmlated,"  is 
quite erroneous and doubtless based on some misapprehension. 
DISCUSSION  AND  SUMMARY. 
Apparently, then, we are confronted with this result,--that  citrate 
plasma which causes little  or no constriction  of the stretched artery 
ring,  little  or  no  slowing  of  the  flow  through  the  frog  perfusion 
preparation, while the corresponding serum produces a marked effect 
on both preparations,  will affect the intestine  or uterus preparation 
practically  in  the  same way as  the  corresponding  serum.  Hirudin 
plasma  and  serum  exert  on  the  intestine  and  uterus  preparations 
practically the same effect, causing a  marked increase of tone.  On 
the  artery  ring preparation,  there  is a  difference although  it  is  not 
so strongly marked as in the case of the citrate material.  The  frog 
perfusion preparation,  as regards the effect of the hirudin  material, 
seems to occupy an intermediate  position between the  intestine  and 
uterus  on the one hand,  and  the artery  ring  on the  other. 
Of the three plasmas,  the peptone plasma most closely resembles 
serum in its action on the ,artery  rings.  Like the other plasmas  its 
effect on the  intestine  and  uterus  does  not  differ  appreciably  from 
that  of  the  serum.  From  these  observations  the  following  con- 
clusions seem justified. 
A  change  occurs in shed blood which  confers on  it  the  property 
of  constricting  artery  rings  and  of  slowing  the  flow  through  the 
perfused  frog preparation.  If this  property is  in  any  degree pos- 
sessed  by circulating  blood  it  is  at  least  markedly  increased  after 
the blood is shed.  The change,  whatever it may be, does not entail 
any essential  alteration  in  the  action  of the blood on  intestine  and 
uterus  segments.  The  tone-increasing  property  developed  in  the 
shed blood may,  therefore,  so far  as the  four test  objects included 
in  the  present  survey are  concerned,  be looked  upon  as  especially 
affecting the  blood vessels and probably their smooth muscle directly. 
This  need  not  imply  that  the  pressor  substance,  if  it  is  a  single 
definite  substance  develope°d in  the  shed blood,  exerts  no  action  on 
the  smooth  muscle  of  the  intestine  and  uterus  preparations,  but 
merely  that  its  action  on  these  objects  is  masked  by  the  genera] 
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constituents  common  to  serum  and  plasma,  its  effect  is  incon- 
spicuous  or  not  to  be  detected  at  all,  while  on  .the  blood  vessel 
prepara'tions,  especially the  artery  rings,  the  effect of  the  pressor 
substance is the dominant one, and the general action of the serum 
and plasma is  feeble or undetectable. 
It  is  not  the clotting process as  such,  i.  e.,  the  actual change of 
fibrinogen  into  fibrin,  that  is  responsible  for  the  differences  be- 
tween serum and plasma revealed by the biological tests employed, 
but  some  process  which  precedes  or  accompanies the  clotting and 
which may or may not be causally related to it.  Changes in formed 
elements of the blood under the influence of the changed conditions 
(contact with foreign bodies, restriction of gaseous exchange, etc.), 
which blood  encounters as  soon as  it leaves ,the  living vessels,  are 
known to occur.  Among these it is to be assumed are the changes 
which  condition the  differences between  plasma  and  serum  under 
discussion.  16  Even if these changes represent preliminary stages in 
coagulation (liberation of the factors necessary to the formation of 
thrombin,  for instance),  they may still  occur to  a  greater  or  less 
extent  in blood  which is  preven'ted  in  certain ways  from clotting, 
since  it  is  'known  that  the  procedures  by  which  the  various  non- 
coagulable plasmas are  obtained break at different points the chain 
of events which normally ends in coagulation.  A  procedure which 
simply  supplies  sufficient antithromSin to  neutralize  the  thrombin 
which has been allowed to  form in normal amount may not inter- 
fere at all with the changes in the formed dements, and the pressor 
property of the resulting plasma may then be as marked as that of 
the serum.  On the other hand, a procedure which hinders clotting 
by  preventing  or  diminishing  the  alterations  in  ,the  cells,  for 
example,  the  addition of a  substance which  acts  as  a  preservative 
for blood platelets, will very likely yield a  plasma with liF:~e or no 
pressor effect in comparison with the serum.  The mere prevention 
of clotting, then, except in so far as it is an index of the prevention 
of  changes  in the  formed  elements may have  little  significance in 
preventing the  development of the  pressor  property.  Indeed  it  is 
,G Since this was written we  have found that  extracts of platelets obtained 
from citrate blood, the plasma of which is totally inactive, exert a strong con- 
stricting effect on artery rings. (7. N.  Stewart  and  T.  F.  Zucker. 
EXPLANATION  OF  PLATES. 
All  tracings  are  to  be  read  from  left  to  right.  Time  is  marked  in  half 
minutes.  Unless otherwise  mentioned  the  liquid to  be  tested  was  always  caused 
to  displace  the  Ringer  solution  in  which  the  preparation  was  immersed.  The 
original  relation  both  to  base  line and  to  time  trace  is  preserved  in  figures  6  to 
xo,  I4,  15,  and  19.  The  relative  distance  from  the  base  line  is  preserved  in 
figures  16 to  I8,  2o to 23,  and 26,  but  all  the curves  are  brought  up  closer to  the 
time trace. 
PLATE  I I. 
FIG.  I.  Sheep  artery  rings.  For  observations  I  to  5  the  rabbit  hirudin 
material  of Sept.  26 was  used;  for  observations 6  and  7  the dog  citrate  material 
of  Sept.  24.  In  observations  14  and  16  a  dilution  of  egg  white  was  compared 
with a  dilution of serum.  The arteries  were  from  different animals  in the  three 
sets  of observations.  Of the two time traces  in  the lower right hand  portion  of 
the  figure  the  upper  belongs  to  observation  3,  and  the  lower  to  observations  6 
and  7.  The  time  trace  in  the  lower  left hand  portion  of  the  figure  belongs  to 
observations  4  and  5.  The  time  trace  at  the  top  of  the  figure  corresponds  to 
all the other  observations.  At  I  hirudin  plasma  replaced  Ringer'and  was  itself 
replaced  at  2  by  the  corresponding  hirudin  serum.  At  3  Ringer  was  replaced 
directly by the hirudin  serum..At  4  Ringer  was  replaced by the hirudin  solution 
in  Ringer  and  this  at  5  by  the  hirudin  plasma.  At  6  Ringer  was  replaced  by 
citrate  plasma  and  this  at  7  by  the  corresponding  citrate  serum.  At  14  egg 
white  diluted  with  one  volume  of  Ringer  replaced  Ringer.  At  16  Ringer  was 
replaced by rabbit  serum of  Sept.  28. 
FIG.  2.  Curves  showing  the  flow  through  the  frog  perfusion  preparation. 
The number  of drops  per half  minute  is laid  off along the vertical axis  and  the 
time  in  half  minutes  along  the  horizontal  axis,  each  small  division  representing 
a  half minute.  Thirty-eight drops  correspond  to  I  c.c.  The upper  set of curves 
was  obtained  with  dog  citrate  material  of  Sept.  24,  the  lower  set  with  the 
rabbit  hirudin  material  of  Sept.  26.  The  small  rise  which  sometimes  occurs 
immediately after the injection is due to  increase of pressure  by the  injection. 
Pro.  3.  Curves  showing  flow  through  frog  perfusion  preparation.  Hirudin 
material  of  Oct.  2.  For  the  upper  left  hand  curve  the  pressure  was  16  era.  of 
the perfusion  fluid;  for  the others  21  cm. G. N. Stewart  and  T. F. Zucker. 
PLATE  I2. 
Fro. 4-  Tracings  showing  the  change  in  the  rate  of  drops  from  the  frog 
perfusion  preparation.  At  II  citrate plasma  of  Sept.  24,  at  13  the  correspond- 
ing citrate  serum  was  injected,  in  each  case  I  c.c. 
FIG. 5.  Tracings  showing  the  change  in  rate  of  drops  from  the  frog  per- 
fusion  preparation.  At  x2  rabbit  hirudin  plasma  of  Sept.  26,  at  13  the  corre- 
sponding hirudin  serum was injected, in each case  I  c.c. 
Fig. 6.  Intestine.  At  4  citrate  plasma  of  Sept.  24,  at  6  the  citrate  serum, 
at I6 the citrate Ringer solution diluted with its own volume of Ringer replaced 
the  Ringer  solution.  The  magnification of  the  contraction  was  about  one half 
of that  usually employed. G. N. Stewart  and  T. F. Zucker. 
PLATE  13. 
Fro.  7.  Uterus.  (From  an  adult non-pregnant rabbit.)  Citrate  material  of 
Sept.  24.  At  2  serum  from  clot,  at  4  citrate  plasma,  at  6  citrate  serum,  at  8 
citrate  plasma  replaced  Ringer.  All  the  material  was  from  the  same  dog.  At 
II  Ringer  was  replaced  by  citrate  plasma,  at  I2  additional  citrate  plasma  was 
added  to replace that  removed by the oxygen  stream.  At  I3  the  citrate  plasma 
was  replaced  by  citrate  serum. G. N. Stewart  and  T. F. Zueker. 
PLATE I4. 
FIG.  8.  Intestine.  At 2  serum,  at  4  peptone  plasma  x  of  Aug.  24  replaced 
Ringer. 
FIG.  9.  The  same  preparation  as  used  for  figure 8.  At 6  serum,  at  8  pep- 
tone  plasma  I  replaced  Ringer  when  the  initial  tone  of  the  segment  was  con- 
siderably  higher  than  in  figure 8. 
FIG.  IO.  The same intestine preparation  as in figures 8  and 9.  At Io peptone 
plasma  4  and  at  I4 serum  replaced  Ringer.  At  I2 peptone  plasma  2,  at  18 pep- 
tone  plasma  5  replaced  Ringer.  Plasmas  I,  2,  and  4  showed  no  clotting  what- 
ever.  Plasma 5  was visibly dotted long before the observation was  made. G.  N. Stewart and  T. F. Zucker. 
PLATE 15. 
Fro.  x  I.  The  same  intestine  preparation  as  in  figures  8  to  IO.  At  22  a  I 
per  cent.  solution  of  peptone in  Ringer  replaced  Ringer.  At  30  a  2  per  cent. 
peptone  solution  in  Ringer  replaced  Ringer.  At  3I  washing  wish Ringer  was 
commenced, at 32  suspended, at 33  resumed.  At 34  a  IO per cent. peptone solu- 
tion in  Ringer replaced  Ringer.  At  35  washing with  Ringer was begun,  at  35a 
suspended, at  36  resumed,  and  again  commenced at  37. 
Fro.  12.  Sheep artery  rings.  Citrate  material  of  Oct.  I6  (page  I62.)  At 
I  plasma  A  replaced  Ringer  and  was  itself  replaced  at  2  by  serum  A.  At  3 
plasma  B  replaced  Ringer  and  was  itself  replaced  at  4  by  serum  B.  5  and 
6  are  repetitions of  I  and  2  on  another  ring  from  the  same  artery.  7  and  8 
are  repetitions of  3  and  4  on  another  ring  from  the  same  artery.  The  im- 
mediate small  rise at  8  was  due  to  accidental  interference with  the  thread. G. N. Stewed  wad T. P. Zuek~r. 
PLATE 16. 
FIc.  x3.  Sheep  artery  rings.  Citrate  material  of  Oct.  x6.  Observations  14 
to  17  correspond  to  observations  I  to  4  in  figure  I2,  but  were  done  with  rings 
from another  sheep's  artery.  At  18  serum  A  replaced  Ringer.  At  19  serum  B 
replaced  Ringer.  The  upper  time  trace  belongs  to  observations  16  and  I7,  the 
lower to observations  14,  15,  18,  and  19. 
FIc.  I4.  Sheep  artery  rings.  Dog  serum  of  Oct.  16  without  citrate.  At  9 
Ringer was  replaced  by undiluted  serum,  at  to  by  serum  diluted  with  I  volume 
of  Ringer,  at  tI  by  serum  diluted  with  2  volumes  of  Ringer,  at  x2  by  serum 
diluted  with 8  volumes  of  Ringer.  A  repetition  of observation  x2  on  another 
ring gave precisely the  same  result. 6. N. Stewart  and  T. F. Zucker. 
PLATE 17. 
Fro.  I5.  Intestine.  Rabbit  hirudin  material  of  Sept.  26.  At  2  hirudin 
serum, at 4 hirudin plasma,  at 6 hirudin  serum  replaced  Ringer.  At  Io hirudin 
serum  diluted  with  two  volumes  of  Ringer,  at  IZ  hirudin  serum  diluted  with 
five  volumes  of  Ringer,  at  I4  hirudin  plasma  diluted  with  two  volumes  of 
Ringer,  and  at  I6  hirudin  plasma  diluted  with  five volumes of Ringer replaced 
Ringer.  Weight of intestine  preparation, o.37 gin. G. N. Stewart  and  T. F. Zucker. 
PLATE  18. 
FIG.  I6.  Intestine.  Hirudin  material  of  Sept.  I2.  At 6  hirudin  serum,  and 
at  8  hirudin  plasma  replaced  Ringer.  At  IO  Ringer  was  replaced  by  serum 
from  the dog's  clot  diluted  with  its  own  volume  of  Ringer.  The  magnification 
of  the  movement  by  the  lever  was  2½  times  less  than  that  usually  employed. 
Weight of intestine preparation, 0.40 gm. 
FIo.  I7.  Intestine.  Hirudin  material  of  Aug.  29.  At  2  hirudin  plasma,  at 
4  hirudin  serum,  and  at  6  hirudin  plasma  replaced  Ringer.  The  segment  was 
freshly  prepared  and  observation  2  was  the  first  one  made  on  it.  Weight  of 
intestine  preparation,  o.I5  gin.  It  was  much  shorter  than  usual. 
Fro.  I8.  Intestine.  Rabbit  hirudin  material  of  Sept.  26.  At  33  hirudin 
serum,  at  35  the  corresponding  plasma,  and  at  37  the  hirudin  serum  replaced 
Ringer.  The  intestinal  segment  was  freshly  prepared,  and  observation  33  was 
the  first one  made  on  it.  Its  weight  was  0.34  gm. 
FIG.  19.  Intestine.  Hirudin  material  of  Oct.  2.  At  2  hirudin  serum,  at 
4  hirudin plasma,  at 7  hirudin plasma,  and  at  I2  hirudin serum  replaced  Ringer. 
Observation 2  was  the  first  observation  on  this  segment. G. N.  Stewart  and  T. F. Zucker. 
PLATE 19  . 
FIG. 20.  Uterus.  Rabbit hirudin material of Sept.  "26.  At 39 hirudin plasma, 
at  41  hirudin serum  replaced  Ringer.  At  47  hirudin serum  diluted  with  five 
volumes of  Ringer, at  49 hirudin plasma  diluted with  five  volumes of  Ringer 
replaced Ringer.  Weight of uterus preparation, o.52 gm. 
FIG. 2I.  Uterus.  Dog hirudin material of  Sept.  12.  At 26  hirudin serum, 
and at 28 hirudin plasma replaced Ringer.  At 3o Ringer solution was  replaced 
by serum  (from the dog's clot)  diluted with  its own volume of  Ringer.  The 
magnification of  the  lever  was  2~  times  less  than  that  generally  employed. 
Weight of uterus preparation, o.74 gm. 
FIG. 22.  Uterus.  Dog hirudin material of  Aug. 29.  At 24 hirudin plasma, 
at  26  the  corresponding  hirudin  serum,  and  at  28  hirudin  plasma  replaced 
Ringer.  The magnification was  about half that  usually employed.  Weight of 
uterus preparation, I  gin. 
FIG. 23.  The  same  materiM,  the  same  uterus  preparation,  and  the  same 
magnification of the lever as those used for figure 22.  At 3o the hirudin solution 
in Ringer diluted with  two  volumes of  Ringer replaced  Ringer.  At 32  serum 
from  dog  defibrinated blood,  at  36  adrenalin I: i,ooo,  ooo, and  at  42  adrenalin 
1  :  ioo,0oo in Ringer replaced the Ringer solution. (7. N. Stewart  and  T. F. Zucker. 
PLATE 20. 
Fro.  24.  Intestine.  Extracts  and  modifications  of  sheep  serum  of  July  25. 
At 2  the  serum,  at 4  A(3)  (a  fraction prepared  with  alcohol), at 9  the  serum 
diluted  with  four  volumes  of  Ringer,  and  at  II  H(6)  replaced  Ringer.  At 
15  with  a  fresh intestine preparation  Ringer was  replaced by H(5).  The point 
went  above the  drum.  At  17  the  serum  diluted  with  four volumes of  Ringer 
replaced  Ringer  when  the  segment  was  beating  feebly and  the  tone  was  very 
small.  At  I8  the  dilute  serum  was  itself  replaced  by  H(6)  and  this  at  19  by 
H(5).  The writing point  went  far  above the  drum  and  then  fell abruptly,  the 
contractions  disappearing.  At  20  H(5)  was  replaced  by  H(6)  and  the  curve 
soon  rose  again. O. N. Stewart  and  T. F. Zucker. 
PLATE  2I. 
FIG. 25.  Uterus.  Action  of  the  same  material  used  in  figure  24-  At  t4 
serum replaced Ringer.  At  I6 A(3)  replaced Ringer.  The writing point went 
above the drum.  At 24 Ringer was replaced by H(6)  and at 31  by H(5).  At 
32 a little more of H(5)  was added to replace that carried away by the oxygen 
stream. 
FIc. 26.  Intestine.  At z  egg white diluted with nine volumes of Ringer, at 
I3 egg white diluted with two volumes of Ringer, and at 27 undiluted egg white 
(strained)  replaced  Ringer.  At  ~  serum  from  the  rabbit's own  defibrinated 
blood,  at  3I  egg  white  diluted  with  one  volume  of  Ringer,  and  at  33  rabbit 
serum diluted with one volume of Ringer replaced the Ringer solution.  Weight 
of intestine preparation, which was  shorter than usual, o.25 gm. G. N. Stewart  and  T. F. Zucker.  173 
conceivable that the alterations in the cells which are connected with 
the  development of  this  property  may even be wholly or partially 
independent of the cell changes concerned in  coagulation.  In  this 
case it might be possible  to  obtain blood  which would clot without 
developing the pressor property. 
The  main  results  which  seem  to  follow  from  our  observations 
may be  thus summarized: 
I.  The substance, or property, developed in shed blood by which 
it causes constriction of artery rings, is not developed, or at least not 
mainly developed, in connection with the actual change of fibrinogen 
to  fibrin,  since  the  constrictor  action  of  different plasmas  differs 
greatly, while the absence of coagulation is common to all. 
z.  The development of the constrictor substance,  or property, is 
associated with changes undergone pro'bably by formed elements of 
the  blood  when  it  is  shed.  These  changes  may be  identical  with 
the  alterations,  or  with  some  of  the  alterations,  preliminary  to 
clotting.  It  is  possible,  however,  that  there may be  changes con- 
nected with the development of the pressor property which, although 
concomitant with the  liberation of the substances concerned in  the 
production of thrombin,  are  yet quite  independent of  the  clotting 
process.  Our  observations  do  not  enable  us  to  decide  definitely 
between these  possibilities. 
3.  The constrictor substance, or property, developed in shed blood 
acts especially on blood vessels and does not equally affect the other 
organs  examined.  This  follows  from the  fact that  a  plasma  and 
serum  which differ markedly in  their  action  on  the  blood  vessels 
may  have  practically  the  same  action  on  the  intestine  or  uterus 
segments, an action which must therefore reside mainly, at least, in 
the  original  plasma  itself. 
4-  The indication that the serum acts especially on blood vessels 
increases  the  interest  of  the  suggestion  that  this  action  may play 
an important part in the prompt sealing of wounded vessels in addi- 
tion to the mechanical effect of the clot,  or  by coming into  opera- 
tion before the clot has  fully  formed. 